Introduction
Traditional biotechnology is intended for the production of various valuable substances and products using natural biological objects (microorganisms, plant and animal cells), parts of cells (cell membranes, ribosomes, mitochondria, chloroplasts) and processes. Since these biological objects are very complex, their behavior depends on many factors, and the response, as a rule, is nonlinear, then the management of biotechnological processes is a challenging objective. Effective control is impossible without a high-quality forecast of the response of the controlled system to external impact.
-183 - Forecasting the behavior of the system can be carried out using two approaches: a) building "mechanistic" mathematical model, which potentially able to forecast system response to impacts, which have not been faced during its exploitation; b) applying regression model, which reproduces the regularities of the biotechnological process identified through statistical analysis of technological data.
We consider problems related to the control of biotechnological processes on the example of biooxidation of refractory gold-arsenic sulphide concentrates for the subsequent gold recovery.
Bioleaching process description
The process of bioleaching is the gradual oxidation of sulfur-containing minerals, The first microorganism is a mixotroph; it needs small amounts of organic substances for the oxidation of inorganic substrates. Without organic substances, this major part of the microorganisms association dies and lysed.
Archea F. acidiphilum is autotrophic, but it needs vitamins and small amounts of some organic substances. L. ferrooxidans does not need organic substances and can supply organic substances (exometabolites) to the first two members of the association.
The main processes occurring in the reactors are described by the following chemical equations (Sovmen et al., 2007) .
Pyrrhotite:
FeS + 2Fe 3+ = 3Fe 2+ + S 0 .
Pyrite:
FeS 2 + 14Fe 3+ = 15Fe 2+ + 0,34S 0 + 1,66H 2 SO 4 .
Arsenopyrite:
FeAsS + 5Fe 3+ = 6Fe 2+ + S 0 + As
Antimonite:
The reactions catalyzed by bacteria are summed up in the following form:
It is important to note that the oxidation of sulfur, unlike the oxidation of Fe
2+
, is carried out by bacteria attached to the surface of the pulp particles. The distribution of ferrobacteria between the free and attached states is unknown, and only the biomass of free bacteria is measured.
Which of the forms contribute to the main increase in biomass is also still unknown.
In addition, there is an electrode interaction between minerals in the system, which can block the oxidation of minerals standing to the right of the potential scale: pyrrhotite → arsenopyrite → pyrite, which leads to a certain order of oxidation of sulphides in the flotation concentrate.
An attempt of mechanistic mathematical model building
Presented above far from complete list of processes equations demonstrates the complexity of processes occurring in the bioreactors' pulp. In addition the situation is complicated by the fact that up to the present time an adequate description of the dependence of the specific growth rate of bacteria on cultivation conditions has not been obtained (Ojumu et al., 2005) . Different formulas are proposed for different conditions, and even if we assume that these formulas describe the system adequately, a problem of determining the limits of applicability of these conditions and the way of transition to a model from one formula to another still remains.
Nevertheless, the mechanistic model gives a huge advantage over the regression model -this model allows to predict the behavior of the system even under conditions that were not previously observed. Therefore, an attempt was made to construct a mixed mechanistic-phenomenological model using various combinations of formulas given in literature (Bentel et al., 1999; Beolchini, Veglio, 1999; Bircumshaw et al., 2006; Breed et al., 1997; Breed et al., 2000; Kulebakin et al., 1974; Kuzmanovska et al., 1999; Liu et al., 2004; May et al., 1997; Ojumu et al., 2005; Sovmen et al., 2007; Sylvie et al., 2006; Wang, 2007; Zheng et al., 1986 (Hansford, 2005) . The electrode interaction between the minerals described above was also taken into account.
To illustrate the complexity of the system, one of the investigated models is shown (Eq. 3). 
where ( )
is specific growth rate of free bacteria;
is specific growth rate of the attached bacteria; 
is specific growth rate of free bacteria; The parameters of the model were chosen in accordance with published data or the best match to experimental kinetic curves obtained for simplified composition of the pulp.
It turned out that the models constructed in this way describe only the general properties and trends of the process. In particular, they can reproduce indicative duration of transition processes, course of changes in electro-chemical potential and pH for the considered flotation concentrate types, and the response to full reactor loading.
The model is failed. Long live the model!
We have to admit that the building of a mechanistic model for describing the real technological process is a longshot. It is naturally to ask: "Is everything really so bad?", "Is it possible to find another way to solve the problem of effective control?"
At this situation we have to make sure that the set of measured and control parameters is sufficient to predict the behavior of the system. If there are any consistent patterns between the inputs and outputs, then one can speak of a cause-effect relationship and the possibility of is specific growth rate of free bacteria;
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Flow, m3/hour Biomass, g/l One of the effective approaches to detection of hidden dependencies is neural network analysis.
Neural networks (for example, Khaikin, 2006) are capable of carrying out multidimensional nonlinear regression, and, unlike most regression approaches, there is no need to specify a prospective pattern of functional dependence, which will be adjusted to the available experimental data.
A possible methodologically promising approach is: 1) description of the bioleaching processes dynamics by means neural networks;
2) carrying out the reduction of the neural network complexity maintaining the quality of the system description; 3) evaluating by this the order of complexity of the system. Having information about the system's complexity level, it is possible to start building mechanistic mathematical model.
A similar methodology was used to construct a model of soil formation. Attempts to build a compartmental soil model (Bartsev et al., 2012b) led to a very complicated model with a large number of adjustable parameters.
The neural network analysis of the dependences of soil parameters showed that the pedotransfer function can contain not 16, as it was initially, but only two or three input parameters (Bartsev et al., 2012a) . It was an obvious indication of the low dimensionality of the required mathematical model. This result allowed to substantiate and formulate the goal of constructing an extremely simple mathematical model of soil formation, adequately describing the experimental data (Bartsev, Pochekutov, 2015 , 2017 ).
Neural network model of bioleaching process
In this paper a neural network add-on to MS Excel developed at the Institute of Biophysics SB RAS (Simonov et al., 2002) was used. The functioning of the network is described by the following formula:
In this paper a neural network add-on to MS Excel developed at the Institute Biophysics SB RAS (Simonov et al., 2002) was used. The functioning of the network described by the following formula:
where {y k }-multiple outputs of neural network; {А j }-multiple inputs; {x ij }, {b ik }, {a k }, {c k } of adjustable neural network parameters; k -neural network output number; i -neuron numbe -neural network input number. In fact, the structure of this neural network produces 6,00 0,00 1,00 2,00 3,00 4,00 5,00 6,00 7,00 8,00
Flow, m3/hour Biomass, g/l Fig. 1 . Typical dependences between bioleaching process parameters. Cube, rhombus, and triangle represent data from 1 st , 2 nd and 3 rd reactors of the technological line, respectively. Curves represent quadratic approximation of the 1 st reactor data Fig. 2 . Biomass prediction quality assessment in the 1 st circuit 4 th reactor for the next 12 hours (shift) using additional 12 and 24 hours data. The average relative deviation is 8.2% 6,00 0,00 1,00 2,00 3,00 4,00 5,00 6,00 7,00 8,00
Flow, m3/hour Biomass, g/l Fig. 1 . Typical dependences between bioleaching process parameters. Cube, rhombus, and triangle represent data from 1 st , 2 nd and 3 rd reactors of the technological line, respectively. Curves represent quadratic approximation of the 1 st reactor data Fig. 2 . Biomass prediction quality assessment in the 1 st circuit 4 th reactor for the next 12 hours (shift) using additional 12 and 24 hours data. The average relative deviation is 8.2% Fig. 3 . Diagrams of correspondence between actual data and neural network forecast 
